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Summary. The intracellular distribution of lectin 
receptor sites was studied in the rat Pyla osteoblasts 
using immunofluorescence at the confocal microscopy 
level. This immortalized cell line was found to represent 
a satisfactory model to study the occurrence and 
distribution of sugar moieties. Our data showed distinct 
affinity patterns of lectins recognizing different terminal 
or internal sugar residues. For some lectins, the binding 
patterns appeared to be cell cycle-independent, whereas 
for PNA the cell cycle greatly influenced the nuclear 
binding. By combining lectin affinity with sialidase 
degradation and alcoholic saponification the sialic acid 
acceptor sugars and derivatives were also visualized. In 
particular, glycoconjugates with sialic acids linked to B- 
galactose, and mainly C4 acetylated, were located in the 
cytoplasm, while glycoconjugates characterized by sialic 
acids linked to a-N-acetylgalactosamine, and devoid of 
acetyl groups at C4, were almost exclusively found in 
the nucleus. The comparison of lectin affinities, with and 
without prior glycosidase digestions, allowed us to gain 
further insight into the chemical composition of 
glycoconjugates that act as the lectin receptor sites that 
appeared to belong to 0- and N-linked glycoconjugates. 
The use of additional enzymatic treatments were useful 
to better establish the localization of nuclear receptor 
sites and results were compared with previous studies 
about endogenous and exogenous lectins in an attempt to 
reconcile the association of lectins and sugars within the 
nucleus and their possible involvement in modulation of 
cell proliferation andlor response to chemical signals. 
The above digestions also provided information about 
the cytoplasmic binding patterns. 
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Introduction 
The development of in vitro conditions which are 
permissive for the expression of the osteoblast 
phenotype, offers the possibility to examine various 
aspects of bone differentiation and growth (Lian and 
Stein, 1992; Aubin et al., 1993; Aubin and Turksen, 
1996). While organ or tissue culture systems can sustain 
various osteogenic processes including bone deposition 
and resorption, cel l  cultures are best suited for 
investigating the cell differentiation and the earliest 
events of matrix elaboration. 
Bone sialoproteins are synthesized very early during 
in vitro formation of bone-like tissue and constitute the 
major non-collagenous bone glycoproteins incorporated 
into the matrix (Kasugai et al., 1991a,b, 1992). The 
series of events clearly shows parallels with osteogenic 
processes occurring in vivo (McKee and Nanci, 1996). In 
this regard, culture systems are useful for examining the 
sequence of bone matrix component synthesis and 
transformed osteogenic cells have also been used in an 
attempt to obtain more homogeneous cell populations 
(Moseley and Suva, 1986). 
Although there have been numerous investigations 
on osteoblast glycoconjugates (Takagi et al., 1983; 
Chopra et al., 1991; Chopra and Anastassiades, 1992; 
Kelm et al., 1992, 1994; Mintz et al., 1994; Ritchie et al., 
1994), there are relatively few analyses concerned with 
in vitro visualization and characterization of individual 
glycosidic residues and specific carbohydrate sequences 
by lectin histochemistry. Lectins have been previously 
used to study the cytochemical properties of osteoblast 
cell membrane domains (Watson et al., 1989), to clarify 
the process of endochondral ossification (Nakamura and 
Ozawa, 1996), to induce the calvarial bone formation in 
vivo (Izbicka et al., 1997), and to investigate the 
osteoblast differentiation (Suzuki et al., 1993; Dunlop 
and Hall, 1995), odontogenesis (Zhang et al., 1994) as 
well as the tissue response to titanium implants (Nanci et 
al., 1994). 
We have previously used the Pyla rat osteoblasts to 
study the regulation of FGF-2  in response to 
prostaglandin stimulation (Sabbieti et al., 1999a) and the 




Lectin receptor sites in pyla cells 
WGA lectin 
Numerous reactive sites were concentrated in the 
paranuclear triangle-shaped zone. Some binding sites 
were also present at the nuclear level (Fig. 7a). 
Permeabilization before fixation strongly modified the 
binding patterns for WGA. For instance, there was 
modest labeling of the cytoplasm compared to fixed- 
permeabilized cells and the triangle-shaped zones were 
not found; conversely, the nuclear labeling was strongly 
increased (Fig. 7%). 
(NH4)+04 extraction 
(NH4)2S04 extraction markedly decreased the 
nuclear binding sites that were restricted to the periphery 
near the nuclear envelope (Fig. 7c). 
DNase digestion 
DNase digestion after permeabilization-fixation 
showed spotted intense labeling inside the nuclei 
sometimes more evident around a less labeled core (Fig. 
7d). 
RNase digestion 
WGA binding consequent to RNase digestion was 
decreased (Fig. 7e). 
Collagenase digestion 
No differences were found between collagenase- 
treated and untreated cells. 
B-Galactosidase digestion 
The enzymatic treatment with B-galactosidase did 
not produce affinity changes. 
PSA lectin 
PSA seemed to resemble the WGA labeling at the 
paranuclear triangle-shaped zone. Conversely, nuclei did 
not show binding (Fig. 8). 
Con A lectin 
Con A exhibited numerous binding sites which also 
appeared as intensely stained aggregates located outside 
the positive paranuclear triangle-shaped region. Nuclei 
failed to react (Fig. 9a). 
There was codistribution of Con A and PSA binding 
patterns only in the paranuclear triangle-shaped region. 
Also Con A and UEA-I showed codistribution of 
receptor sites (Fig. 6b,c) indicating that the terminal 
fucose residues, located in the paranuclear triangle- 
shaped region, belong to carbohydrate chains bearing 
mannose in the core region as occurs in many 
fucoglycoconjugates. 
Collagenase digestion 
After collagenase digestion, decreased labeling was 
observed. In particular, the peripheral intensely stained 
aggregates disappeared leaving "empty" black vesicles 
(Fig. 9b). 
B-Galactosidase digestion 
The removal of terminal B-galactose induced a few 
Con A-positive sites in the nucleus (Fig. 9c). 
Controls 
All control stainings for lectin histochemistry gave 
negative results lending further to support the nominal 
specificity of the tested lectins. 
Controls for the exoglycosidase digestions 
confirmed the specificity and efficacy of the treatments 
as well as the lack of effects consequent to the enzyme- 
free buffer. 
Also controls for all the other enzymatic 
degradations allowed the minimal influence of the 
enzyme-free buffer to be ascertained. 
Discussion 
The labeling of the rat osteoblasts Py la  was 
characteristic for each lectin and did not exhibit, except 
for PNA lectin, obvious differences between 
proliferating and quiescent cells. PNA labeling, 
restricted to the nucleus, was particularly evident in 
dividing cells, during G1 and S phases as well as mitotic 
phases as previously detailed (Sabbieti et al., 1999b). 
Taking into account that terminal non-reducing B- 
galactose residues were never found in the cytoplasm at 
any stage of the cell cycle, we propose that during the 
cell division there is no mobilization of the B-galactose- 
l-3-a-N-acetylgalactosamine disaccharide from the 
Fig. 4a-c. PNA-TRITC staining after: -extraction with (NH4)2S04 that caused a decrease in the nuclear binding of dividing cells (a), -DNase digestion 
that did not affect binding (b), -RNase that promoted a characteristic redistribution of nuclear PNA affinity (c). X 600 
Fig. 5a-c. DBA-FITC staining of Pyla cells treated with sialidase-free acetate buffer that did not affect the cytoplasmic binding (a). Buffer A caused a 
mobilization of DBA reactive sites to the nucleus (b). (NH4)2S04 extraction further increased the DBA nuclear binding in form of white spots (c). X 600 
Flg. 6a-c. UEA I-FITC and Con A-TRITC simultaneous double staining. Note the distribution of UEA I- (a) and Con A-positive sites (b) that show co- 
localization restricted to a paranuclear triangle-shaped region and differential localization in the rest of the cytoplasm (c). x 750 





